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The Valsalva Maneuver involves an increase in chest pressure Sample Subject 2mm? voxels (30 trials)

during a breath hold that alters blood pressure and heart rate
(Dawson 1999). For a constant breath hold duration, the fMRI

of .
BOLD-weighted response scales with chest pressure g I'l histogram by cluster
~

magnitude. Both the undershoot during the breath hold and the 160} -
signal peak after the hold ends increases with increasing = '
[ ] [ [ E 120_ ]
pressure (Wu 2015). This parametric modulation of S 00 _
N
cerebrovascular reactivity by pressure has the potential to be 2 S 80! :
° ° ° ° C@
used as a relatively simple cerebrovascular reactivity probe, but o= o0
[ ] [ ] [ ] H w - .
the mechanisms underlying the fMRI signal changes aren't fully Qo " S\
. L é ’ 20 N ”A‘A ,
understood. In this study, we use Vascular Space Occupancy 5 o . , | | , i
o " y et 1000 1500 2000 2500 3000 3500 4000
(VASO) (Lu 2003) to measure BOLD-weighted and blood 7 ) e A T1 estimat
D) 4k o e : -‘ll.J i o cSUurmatcs
volume-weighted signal changes during Valsalva challenges ~ — ——
. . Average responses 1n each cluster
with the goal of better understanding how the Valsalva )
Maneuver affects MRI signal changes. = /\/\/\_\/v
5z
e B
£2 —BOLD
b & T K e — VASO
Task Desi 10 20 30 40 10 20 30 20 10 20 30 40 10 20 30 40 10 20 30 40
as esign . sec . .
10 cycles of 13s Valsalva Maneuver (28-35mmHg pressure target) The Valsalva Maneuver has a distinct pattern . Rlatlv TCSPOILSE agmtuds dCLOSS tle
followed by 39s of 1/6Hz paced breathing of heart rate, cerebral blood flow, and T, SE% SR SRS GBS G AW Ny Th R rdh b b AN In the trial averaged
3-6 383sec runs per volunteer cerebral blood pressure changes during and 2 BOILD and VASO
Paced Valsalva after the breath hold '
Breathing Hold responses, anatomical
1/1;;(391%;1311?21‘3 c{:;l::lr; » ™ v | structures are visible at
1/16” internal dla‘neter 2 . ?0:1125 I . SpCClﬁC time points
e = Etﬂ 20 = TR e R i T EhE i ol Sl o £ . e ¥
E % E b <Ll N Sl ey e e § e Ly ’ iy A LR y R gt L gy Ay T T LNY TR L
M\EQEMR/,\ 0 3 6 9 12 15 18 21 24 927 30 33 36 39 42 45 48 5l
< 105
1

& —— .7mm’ voxels (60 trials)

= 8
A/DC ter with %E’i o O,
onverter wi 2.9 .
scanner trigger ;8% 5 4 qu] Tl hlStOgram by ClUSter
~ ValsalvaPhase I I .- \a 2 | | | | | | |
30 oo IR
) <z r—f - ]
sk =
_&%20- = g -10 0 10 20 30 F ] _
Y I 50
fﬂ) ey B R 2P . ] ]
© N ) = £ S 7
£ 9  IEEEERRTLL TN 4 | |
T L HEe waiit iR 2 E =
210 n [0 s v il SR L i= 30 . ®
20 0 20 49 60 c O S : ]
Seconds from start of breath-hold %20 10 o 10 20 30 — U
Figure from Wu 2015, based on Macey 2012 . Seconds L o
Figure from Dawson 1999 ZER%! i §
e
o O L | | l - S/
V AS O U % 1000 1500 2000 2500 3000 3500 4000
SIEMENS Magnetom 7T, 32 channel Nova coil ~ ) T'1 estimates
Sequence: SS-SI VASO (Huber 2014): TR =35, TI1 = 1.25, TI2 = 2.7 s =
<lobar Average responses 1n each cluster
inversion first readout block at T second readout block at TI2
o 7] ]
- Z
1 Uy JJHJJHLM JJHJJM‘HLH
» m=11s > TI2=265 ég
et —= >  TR=3s =
| - o7

blood — 10 20 30 20 10 920 30 40 T0 20 30 10

V T 70° GM —— sec
raten ?Go L T TR T T T B T R B T T T T TR B T T T T e T T T B T T T T e T T e T B T e T T T B e T T TR T e T T T T T TP e T T R P T T TR P T T T BT e T TR TT T T ISR PO T —

T, e o b T T T T T T T T T T T TR A TR

180°

Z-magnetization

Breathing sensitive artifact in VASO

“Averaged difference of Averaged difference of
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of paced breathing Mean of paced breathing

Inversion pulse: Tr-FOCI shape (Hurley et al., 2010), duration = 10 ms, bandwidth = 6.3 kHz
High-resolution protocol: 1.1x1.1x1.8 mm°’, TE=24 ms, Partial Fourier=6/8
Low-resolution protocol: 2x2x2 mm’, TE=22ms, Partial Fourier=off Mean

VASO might be contaminated by inflow of fresh (non-inverted) blood (Donahue et al., 2006). This 1s particularly
challanging 1in hyapercapnia related tasks because the arterial arrival time 1s reduced by up to 20% (Ho et al.,
2011). These inflow effects are minimized here by the aplication of a custom designed inversion pulse with an
adjustable inversion efticiency. (Here etticiency reduction = 7%.)

Readout: 3D EPI (Huber 2016b), GRAPPA = 2, Kernel size = 2 x 3, #reference lines = 24, ACS lines = FLASH
(Talagala et al., 2016), phase correction = local,

Slab parameters: Slab excitation pulse duration 5 ms, variable flip angle 11°-90° to minimize across-segment even amplitude fat functional Changes extensive fat saturation
smoothing, 10 slices/segments per slab. ghost 1s negligible, . Oft,f?t %hOSt induce can remove artifact
To ensure proper spin inversion performance despite SAR and field inhomogeniety constraints at 71, a MAFI normal fat saturation: artacts ultra strong fat saturation:
B1+ map (Boulant, 2009) was acquired for every participant. ] IQ deg gausian Pulse before every 3D readout. 140 deg gausian pulse beforfa every segment
’ Originally negligible (<1% fat ghosts) changes troughout the 3D readout (limited by SAR
with chest motion during breathing task and contraints).

mtroduces functional artifacts
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Data were preprocessed using AFNI. Volumes were motion corrected wtihin subject. The BOLD time series are

the VOIUIT.lGS without blood nulling. Th.e YASQ ti.me series are the ratio of the nulled volume over the average of pltCh motion duri ng scan
the flanking non-nulled volumes. Statistical significance maps (p<0.001 uncorrected) were separately caculated 2 | | | |
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were included in the clustering analyses. The average trial response for BOLD and VASO (18 volumes each) were (@) _ W _ variations, manifesting as apparent motion.
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An increase 1n blood pressure could potentially

increase GBV and GSF volume
Since the relationship between deoxyhemoglobin concentration, blood flow (CGBF), and blood volume (CBV)
might vary, one cannot predict the VASO response from BOLD. For example, during a breath hold, there 1s an C O N C I | | SI O N S ACKNOWLEDGEMENTS

initial decrease in GBF and an increase in [DeoxyHb]| which results in a BOLD decrease. In VASO, the larger
vasoconstriction in microvasculature would cause a VASO 1ncrease while the increase in blood pressure might

passively expand large veins and cause a VASO decrease As seen 1mn Wu et al 2015, the BOLD reseponsc USU&HY We thank Benedikt Poser and Dimo Ivanov for
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